Objective To estimate the additional resources required to scale up interventions to reduce child mortality and morbidity within the context of the fourth Millennium Development Goal's aim to reduce mortality among children aged < 5 years by two-thirds by 2015. Methods A costing model was developed to estimate the financial resources needed in 75 countries to scale up priority interventions that address the major causes of mortality among children aged < 5 years, including malnutrition, pneumonia, diarrhoea, malaria and key newborn causes of death such as sepsis. Calculations were made using bottom-up and ingredients-based approaches; this allowed financial costs to be estimated for each intervention, country and year. Costs reflect WHO guidelines on inputs and delivery strategies and encompass the delivery of interventions at community and facility levels. These costs also include programme-specific investments needed at national level and district level. .) The scale-up scenario indicates that countries with weak health systems may experience difficulties mobilizing enough domestic public funds. Conclusion While the results are approximate estimates, they show a substantial investment gap that low-and middle-income countries and their development partners need to bridge to reach the fourth Millennium Development Goal.
Introduction
Global reductions in child mortality have stagnated, and annually almost 11 million children die before their fifth birthday, mainly from preventable illnesses. 1 In many countries, a reversal in progress highlights the failure to reach children and to provide known and effective interventions.
The fourth Millennium Development Goal -to reduce child mortality by two-thirds by 2015 -is ambitious but achievable. 2 The World health report 2005 identifies technical strategies to improve the health of mothers, newborns and children. 3 With only a decade left to reach the Millennium Development Goal targets, policies more firmly related to implementation are needed. Budget assessments are a necessary step in mov-ing from vision to implementation of strategic plans.
Previous attempts have been made to estimate the costs of scaling up delivery of child health interventions including the United Nations Millennium Project's needs assessments. Findings from case studies from five countries estimated the total investments in child health needed per capita in 2015: these ranged from US$ 3.80 in Ghana to US$ 6.80 in Uganda. 4 The Commission on Macroeconomics and Health estimated the economic costs of scaling up health interventions that address childhood-related illnesses in 83 countries, projecting as far as 2015. This commission found that an additional US$ 11.9 billion would be needed per year above current expenditures. 5 Further, members of the Bellagio Study Group on Child Survival assessed the running costs of providing 23 interventions to improve child survival in 42 countries; the cost was estimated to be US$ 5.1 billion in new resources annually. 6 Our study was conducted because none of the pre-existing cost estimates forecast the additional financial funds required year-by-year for scale-up. Estimates presented by the UN Millennium Project represent total rather than incremental costs. The estimates made by the Commission on Macroeconomics and Health reflect an economic perspective rather than financial expenditures. The price tag presented by members of the Bellagio group estimate the additional running costs once interventions have been successfully scaled up to full coverage rather than the increasing costs of scaling up health service delivery over time. We believe that yearly estimates of financial needs are essential to guide the advocacy for raising funds to reach the fourth Millennium Development Goal. This study provides the first estimate of the incremental financial resources required over 10 years to scale up child health interventions to universal coverage by 2015, and it includes programme investments as well as running costs.
We acknowledge that child survival depends on maternal survival and pregnancy care as well as factors outside the health sector (e.g. women's education, access to clean air and water, and improvements in infrastructure). However, for this study, we limited the list of interventions to those generally falling under the responsibility of what are known as "child health programmes". As such, these estimates are intended to provide a financial road map that is useful for child health practitioners, managers of national and international organizations and programmes providing interventions that are key to children's survival, and donors considering funding interventions to attain this goal.
Methods, assumptions and data sources
This section summarizes the methods used. For greater detail on the key assumptions underlying the models, please see the relevant technical working paper. 7 The development of a financial road map for scaling up essential child health interventions required us to select countries for the analysis, to identify priority interventions, to estimate the population in need of each service, to define current and target coverage of interventions, and to collect country-specific costs associated with the delivery of interventions.
For interventions that have an impact on the major causes of mortality among children aged < 5 years (malnutrition, pneumonia, diarrhoea and conditions affecting neonates), a model was constructed that incorporated all inputs. Pre-existing models developed by WHO's Department of Immunization, Vaccines and Biologicals 8 and the Roll Back Malaria Partnership 9 were used to assess costs for immunization and interventions to prevent and treat malaria among children aged < 5 years. The models use similar methods and data sources. In addition, costs for antiretroviral prophylaxis and replacement feeding were assessed using the resource needs model developed by Constella Futures (formerly known as the Futures Group). 10 The models were applied to 75 countries and harmonized for delivery strategies and target coverage.
The projected costs cover the incremental scale-up required in order to close the coverage gap from current coverage levels to 95% coverage. Given the short time frame, the modelling assumed that no major changes to the health system were made, and we used a simplified implementation model that allowed for the delivery of interventions within existing (non-financial) constraints. Ongoing care provided to children aged < 5 years was assumed to continue at current rates using current practices; this assumption was also made for other interventions not included in our cost estimate.
Countries included
Countries were selected in parallel with another WHO costing exercise for scaling up care for mothers and newborns. 11 The main selection criterion for countries was that they have high mortality among mothers and children, both in terms of rates and gross numbers of maternal deaths, neonatal deaths and deaths among children. Efforts were made to include low-income countries from all regions. All countries where the mortality rate for children aged < 5 years is > 100 are represented, as well as all countries experiencing reversal or stagnation in the reduction of mortality rates among this age group. The 75 countries included have a total population of 4.6 billion and account for 94% of global deaths among children in this age group. The countries included are listed in Annex 1 (available at http://www.who. int/bulletin).
Health services included Interventions
There is sound evidence that high-impact, low-cost interventions could lead to a major reduction in child mortality. Table 1 lists the 16 key intervention sets that were costed; these were selected on the basis of their potential impacts on mortality and morbidity and the feasibility of delivery. 1, 12 The estimates presented here cover only those interventions delivered directly to the child.
Costs for other essential interventions addressing neonatal mortality, in particular those having an impact on asphyxia and prematurity, are estimated in the parallel exercise for maternal and newborn care. The two projects were carefully coordinated to prevent doublecounting. Interventions delivered during pregnancy and at birth, and interventions linked to complications resulting from pregnancy and birth, have been assigned to maternal and newborn health costs, whereas the treatment of neonatal infections is included in the costs of providing child health care.
Delivery strategies
The costs presented here reflect the perspective of a public health system and represent a continuum of care running from the household, community and facility levels up to the national programme-management level. Intervention-specific delivery strategies are based on WHO's guidelines for prevention and care. The Integrated Management of Childhood Illness (IMCI) strategy has proven to be an excellent delivery channel for many of the interventions included in this costing exercise. [13] [14] [15] Otherwise, data on delivery channels is sparse, and the models utilize assumptions as to where the incremental scale up of interventions would be most feasible within a short time frame (Table 1) .
We assumed that it is possible to reach high coverage in all countries by 2015 through a combination of extending existing health-care networks, stepping up outreach and relying on trained community health workers. We further assumed that rapid scale-up will require a greater deployment of community health workers in rural settings compared with urban settings, owing to the poor availability and utilization of formal health-care systems in many rural environments.
Estimating populations in need
Three parameters were used to calculate the incremental population in need of each intervention.
Population data on children aged < 5 years and the expected number of births per country and year: These data were gathered from the UN Population Division's 2002 medium variant projections and were adjusted for the number of lives saved as interventions are scaled up.
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Scale-up rates
An index developed by the Commission on Macroeconomics and Health classifies countries' health systems into four different levels of strength based on constraints other than lack of finance, such as those related to demand and care-seeking, health sector policy, and broader economic and political factors. 16 This classification is used here in two ways: (i) to model country-specific and intervention-specific scale-up curves based on current coverage and growthrate scenarios applied to each group in the index, and (ii) to determine the need for additional investment required to strengthen the health system's capacity to deliver interventions. Countries with a low index (those rated 1) are seen as having greater need for incremental investments at the health system level, as well as facing a slow start-up before rapid scale-up in the end phase. Countries with a high index (rated 4) are expected to be able to reach full coverage for most interventions by 2010. 
Estimating country-specific costs
All four models use a standardized WHO ingredients approach (cost = quantity * price) to derive country-specific cost estimates. Costs are classified as "patient costs" or "programme costs" (Table 2 ). Patient costs refer to costs at the point of delivering services to the client; they include outpatient visits, inpatient bed days and the use of drugs, supplies and laboratory tests. Programme costs are expenses incurred at the administrative levels of the district, province or country. 17 The quantities of inputs needed for patient care were defined according to WHO's treatment protocols and guidelines for prevention. The inputs essential to strengthening programmes and delivery systems were based on experts' opinions of the minimum requirements for efficient programme management and related assumptions for health-system requirements. Estimates did not account for storage, loss or waste of drugs and supplies, for the construction of new facilities or for the "production" of incremental multipurpose health professionals to provide facility-based care.
The cost for community health workers' honoraria, equipment and support were included in programme costs because the need for community health workers was calculated from population density rather than from the number of consultations with patients. Community health workers were assumed to be fully funded by the child health programme, with an estimated need for 1 community health worker per 1000 population in rural areas and 1 per 1500 population in urban areas. Based on experts' opinions, costs were adjusted for an attrition rate of community health workers of 25% per year.
Prices were derived from WHO's Choosing Interventions that are Cost Effective (WHO-CHOICE) database 18 and the Disease Control Priorities Project, 19 except for drugs, where the median prices reported by Management Sciences for Health's International drug price indicator guide are used. 20 Catalogues were used to determine the prices of larger equipment.
Costs are presented in 2004 US dollars, include a 3% annual inflation rate and are estimated by input category, intervention, country and year. Costs reflect a supply-side perspective using public provider prices; they do not include households' costs related to health-seeking behaviour or accessing services.
Findings
The total additional cost for implementing the scale-up scenarios was estimated to be US$ 52.4 billion. Fig. 1 shows the breakdown of costs for each set of interventions by year. We estimated the need in 2006 at US$ 2.2 billion, which would increase to US$ 7.8 billion by 2015. While the costs for immunization, preventing motherto-child transmission of HIV, treating and preventing malaria and programme support activities remain relatively stable, the cost of scaling up nutrition interventions, and the case management of neonatal infections, pneumonia and diarrhoea increase sharply over time. This reflects the relatively higher current levels of investment for some of the former interventions (immunization and treating and preventing malaria) and poor initial coverage for some of the latter interventions (such as nutritional counselling and case management of neonatal illness). The relatively high cost of diarrhoea case management compared with pneumonia is explained by the liberal distribution of oral rehydration salts and zinc in the model versus the more restricted inclusion of oxygen costs for treating pneumonia. Programmatic investments remain relatively stable throughout the period, illustrating the economies of scale of using an integrated approach.
The average additional cost per capita for all 75 countries was US$ 0. price tag (Table 3 ). This group includes countries with large populations, such as China and India. Yet on a population basis, the incremental investment needed is less than half that of countries in index category 1 (Fig. 2) . The more developed health systems, which occur in many middle-income countries, need to spend a relatively larger proportion of their additional expenditures on human resources. (Note that the salary costs for health workers for all countries are likely to be underestimated, given that no adjustments were made for the need to raise salaries in low-income countries to recruit and retain the necessary human resources.)
In index categories 1 and 2, where conditions currently are the most challenging, an additional US$ 21 billion is required. These are low-income countries with high mortality rates, low health-care coverage and relatively weak health systems. However, in these countries the prices of labour and supplies are comparatively low. Considerable investments will need to be made not only in commodities but also to expand human resources.
The additional resources needed in 2015 correspond to a mean 2% increase and a (population-weighted) average 8% increase in total expenditures on health in the 75 countries from all financial sources (range 0-168%). Similarly, projected costs in 2015 are equivalent to raising (population-weighted average) general government health expenditure by 26% over 2002 levels. 21 (The latest data available at the time of the study were for 2002.) Although the total resource requirements are highest in countries in index category 4, the implications for financing are less severe for these countries. The average additional cost (weighted by population) per capita in these countries (US$ 1.00) is less than a third of that needed in countries in index category 1 (US$ 3.40); Fig. 3 illustrates that this is a manageable increase in current expenditures for higher index countries 3 and 4, but that countries with weaker health systems may experience difficulties in mobilizing domestic public funds for scaling up child health services, given the large relative increase in expenditure required (21% in category 2 countries; 74% in category 1 countries). 
Discussion
The numbers presented here are intended to be approximate estimates for donors, multilateral agencies and countries to help them determine the financial resources needed to scale up child health programmes with the aim of reaching the fourth Millennium Development Goal by 2015. Members of the Bellagio group estimated that scaling up health services for children, mothers and newborns in 42 countries would reduce mortality among children aged < 5 years by two-thirds. 1 The cost estimate presented here for child health interventions includes 41 of those 42 countries -accounting for 92% of the estimated costs -plus an additional 34 countries -accounting for 8% of the estimated costs. The impact of scaling up the interventions presented here as calculated by the Bellagio group corresponds to a 50% reduction in global deaths among children aged < 5 years.
Our objective is to provide order of magnitude projections based on the available data. While the estimates provide a basis for obtaining additional resources, this study has not been validated by consultation with countries, and the limitations outlined below should be kept in mind.
Limitations
These estimates reflect WHO's recommended treatment protocols, which in reality are subject to different degrees of compliance. The effect of delivery assumptions is considerable, in particular the reliance on community-based delivery for rapid scale-up. Costs will increase if countries place less emphasis on delivery at the community level and more on investments at facility level. To assess the impact of delivery assumptions on costs, two alternative scenarios were developed that placed a much greater emphasis on community-based or facility-based delivery. Applying the two alternative scenarios resulted in a range of total costs from US$ 49 billion to US$ 113 billion. The highend estimate occurs when 80% of the interventions are delivered at the facility level. The greatest increase in resource needs is the cost of managing suspected sepsis at the first referral level inpatient department rather than at community level. (More information on coverage assumptions is available from the corresponding author.)
No uncertainty analysis or sensitivity analysis was undertaken for this study since such assessments are better performed at the national level, where scenarios can be adapted to local contexts. We recognize the need for countries to make their own estimates for purposes of local planning for delivery of child health services; WHO is developing a national cost estimation tool for child health that will be ready for use by countries later in 2007. The limited information available on incidence, coverage and delivery strategies necessitates dependence on assumptions, expert opinion and proxy indicators. Information gaps are a cause for concern when developing global or national strategies to reach the fourth Millennium Development Goal; these data limitations will be specified in a subsequent publication.
The utilization of four different models to assess intervention-specificcosts is less of a concern, since the models use similar approaches and care was taken to ensure there was minimal overlap of programme support costs. The restricted possibilities of adjusting for multiple diagnoses remain a problem. Better evidence on co-diagnosis and co-treatment is required to adjust the costs of human resources to reflect integrated management in future cost assessments.
Moreover, the models are not able to fully account for interactions between prevention and treatment. Over a longer time frame, the interaction of different interventions and their impact on disease epidemiology should result in fewer children needing curative care, thus lowering costs. Another limitation is the assumption that prices remain constant; we did not adjust for increasing marginal costs or economies of scale.
This costing reflects the perspective of a public health provider. Demand-side barriers are assumed to be addressed through communication interventions and community-based delivery, but the model does not consider activities that explicitly aim at improving the ability of the poor to access care, such as health financing initiatives. Moreover, any costs of overcoming system-wide constraints facing health systems, such as an inability to produce and maintain health professionals, are not addressed. These will not be particular to child health programmes but need to be part of an effort undertaken throughout the wider health system.
Although the scaling-up of child health programmes will occur in a broader development context, this study has not accounted for interactions between child health programmes and sectors related to other Millennium Development Goals, such as the seventh goal to improve water and sanitation and the use of solid fuels, or the first goal, which aims to reduce poverty. 
Implications
This study demonstrates that providing universal coverage of key child survival interventions throughout a health system is financially attainable at an additional cost of US$ 1.46 per capita in 2015. This cost appears low, yet it corresponds to an average increase in total funding for health of 8%, or an increase in general government health expenditure by 26% if services are provided through the public sector. These values reflect the relatively low levels of current public health expenditure in these countries and indicate that countries with weak health systems may experience difficulties mobilizing enough public funds domestically. The costing confirms the need for additional health workers. Translating additional health-worker time into fulltime equivalent years of work indicates that globally at least 100 000 new health workers would be needed in 2015 at the facility level to scale up coverage (calculations not shown). Given that most health workers do not spend all their time on child health, 22 the actual increase in multipurpose health professionals may be two to four times greater, and will occur in addition to the large investments that are needed to develop networks of community health workers. Moreover, the current low salaries of health workers may need to be significantly increased. Projected costs would increase by 25% were salary costs to double.
Assumptions made for scale-up scenarios have different implications for different interventions. While 95% coverage of management of pneumonia and diarrhoea may seem realistic given current coverage levels, which are above 50% in many countries, the success of nutrition interventions will depend on the development of well-designed counselling programmes as well as the general availability and affordability of food. Moreover, there is an overlap between vertical disease programmes at the country level. For example, of the additional US$ 12.31 required per child aged < 5 years, 18% could be attributed to malaria programmes and another 12% to immunization programmes.
Mechanisms for financing the scaling-up of interventions as presented here will vary from country to country. Current efforts related to HIV, malaria and tuberculosis demonstrate that additional funds for priority health problems can be mobilized within a short time frame. 23 Countries themselves can mobilize a good proportion of funds. Reprioritization within current budgets may also contribute substantially towards reducing mortality among children aged < 5 years at low incremental cost; experiences in the United Republic of Tanzania have shown this. 15, 24 However, as stated by the Commission on Macroeconomics and Health, continued external financial assistance may be needed to scale up the provision of essential health services, in particular for low-income countries. This paper specifies the required funds for interventions aimed at improving child survival and highlights the sizeable increase in funds needed in countries with weak health systems. The estimates serve as a reminder of the importance of the eighth Millennium Development Goal, which aims at developing a global partnership for development, and underlines the need to raise additional resources for child health programmes in order to reach universal coverage of key child survival interventions at low additional costs. O Objectif Evaluer les ressources supplémentaires requises pour la mise à l'échelle nationale d'interventions destinées à réduire la morbidité et la mortalité infantiles, conformément au quatrième objectif du Millénaire pour le développement, qui prévoit de faire baisser de deux tiers la mortalité des enfants de moins de 5 ans d'ici 2015. Méthodes Un modèle d'évaluation des coûts a été mis au point pour obtenir une estimation des moyens financiers nécessaires dans 75 pays pour étendre à l'échelle nationale des interventions prioritaires s'attaquant aux causes majeures de mortalité chez les enfants de moins de 5 ans, dont la malnutrition, la pneumonie, la diarrhée, le paludisme et d'autres causes importantes de décès pour les nouveau-nés, telles que la septicémie. Des calculs effectués selon des approches ascendantes et par composants ont permis d'estimer les coûts financiers par intervention, par pays et par an. Ces coûts prennent en compte les recommandations de l'OMS sur les intrants et les stratégies de mise en oeuvre des interventions et couvrent cette mise en oeuvre aux niveaux des communautés et des établissements de soins. Ils incluent aussi les investissements programmatiques nécessaires à l'échelle du pays et des districts. Objetivo Estimar los recursos adicionales requeridos para expandir las intervenciones encaminadas a reducir la mortalidad y la morbilidad en la niñez en el contexto de la meta del cuarto Objetivo de Desarrollo del Milenio de reducir la mortalidad entre los menores de cinco años en dos tercios para el año 2015. Métodos Se elaboró un modelo de cálculo de costos para estimar los recursos financieros que se necesitaban en 75 países para expandir intervenciones prioritarias que abordan las principales causas de mortalidad entre los menores de cinco años, entre ellas la malnutrición, la neumonía, la diarrea, la malaria y causas importantes de mortalidad neonatal como la septicemia. Las estimaciones se llevaron a cabo mediante métodos microeconómicos y basados en componentes, lo que permitió estimar los costos financieros para cada intervención, país y año. Los costos reflejan las directrices de la OMS sobre los insumos y las estrategias de ejecución y abarcan la aplicación de intervenciones a nivel de comunidad y de servicio. Esos costos incluyen también las inversiones específicas de programa necesarias a nivel
Résultats

Resumen
Hoja de ruta financiera para expandir las intervenciones de salud infantil esenciales en 75 países nacional y de distrito. Resultados El escenario de expansión prevé que se necesitarán US$ 52 400 millones más para el periodo 2006-2015. Ello representa un aumento del gasto sanitario per cápita total en los 75 países de US$ 0,47 en 2006, y según las proyecciones la cifra aumentaría a US$ 1,46 en 2015. Los costos previstos para 2015 equivalen a aumentar el gasto sanitario total medio con cargo a todas las fuentes de financiación en los 75 países en un 8%, y el gasto del gobierno general en salud en un 26%, respecto a los niveles de 2002. (Los últimos datos disponibles en el momento de realizar el estudio eran los de 2002.) El escenario de expansión indica que los países con sistemas de salud precarios pueden tener dificultades para movilizar suficientes fondos públicos nacionales. Conclusión Si bien se trata de estimaciones aproximadas, los resultados muestran un déficit considerable de inversión que los países de ingresos bajos y medios y sus asociados para el desarrollo deberán subsanar para alcanzar el cuarto Objetivo de Desarrollo del Milenio. Table 6 in reference 16 for further information. b Probability of dying (per 1000) based on WHO data from 2002, which was the latest data set available at the time of this study.
(Annex 1, cont.)
